We have made a preliminary study on a possibility to build a device, which could measure threephase alternating current at a distance. This report gives a brief look at the theoretical background related with such a device and derives several mathematical results associated with the theory and the structure of the device. Our results suggest that such a device can be built, assuming the distances between the three current-carrying wires and the two sensors of the device are known accurately enough. There are ways to measure these distances, but this article does not concentrate on them.
Introduction
For energy companies, it is important to know if the transmission lines are working as they should or not. Further, they need this information all the time. They also want to know about the quality of the electric current flowing in the lines. Naturally, they have meters to find out the characteristics of the alternating current in their interest, but installation of a meter to a transmission line requires cutting off the current in the line. This is timeconsuming and requires more work than the mere installation.
In our recent paper, we discussed the use of a toroidal coil in measuring alternating current flowing in one wire [1] . We wanted to increase the challenge, and decided to consider three-phase alternating current flowing in three wires. In addition, we wanted to consider a meter, which could measure all three currents as functions of time-and so that such a meter could be installed to the transmission line safely without cutting off the current in the line. We decided to concentrate on the typical 20 kV transmission line, which is shown in Figure 1 .
Since the geometry shown in Figure 1 is not the only possible one, we need to build our model so that the locations of the three wires are not restricted in any way. This means that we need to introduce a system of coordinates fixed to the device, relative to which the locations of the wires are specified. An illustration of the device is added to Figure 1 .
The Numerical Model
Let us consider three straight and parallel conductors, which carry sinusoidally oscillating currents. We assume that the positions of the wires are not known, and that the phase differences between the three currents are unknown, as well. Further, we assume that the currents may have different amplitudes, and that we do not know these amplitudes beforehand. Thus, the only thing we do know about the case is that the currents are sinusoidal in shape, and that they oscillate at a given frequency. In addition, our analysis is built so that the number of currents is known to be three. Our task is to find the three currents as functions of time. This means that we have altogether 9 unknowns (if the phase angles φ 1 , φ 2 and φ 3 are ignored in the analysis): the x and the y coordinates of each wire, and the amplitudes of the three currents. For an unequivocal solution, we would thus need at least 9 equations in terms of these 9 variables. Solving such a set of equations seems too time-consuming, and we see that the only practical way to find the currents is to start with more initial information about the system.
In our opinion, the easiest way to obtain more information about the system is to locate the three wires by measuring the distances between these three and some known reference points. With these lengths, one can easily calculate the x and the y coordinates of each wire relative to one of the reference points, and relative to some chosen directions for the x and the y axes.
It appears that only two such points are needed. One point serves as the origin of the Cartesian system of coordinates, and the other shows the direction of, e.g., the x axis. Hence, it would be wise to place two sets of induction coils (or Hall sensors) at two points in the vicinity of the wires, and locate the wires relative to these two.
Using a laser-beam-based device, one can measure the distances between the two reference points-at which the induction coils (or Hall sensors) are placed-and the three wires to a reasonable accuracy. In the following analysis we assume that these lengths have been measured on the installation of the induction coils, and that these lengths are determined accurately enough. We also assume that the distance between the two reference points is known precisely enough.
Relative to the chosen system of coordinates, the measured lengths and the coordinates of the wires are defined according to Figure 2 . In this figure, we have also illustrated the magnetic field vectors corresponding to the field generated by the current ( ) 
Figure 2. The two sets of induction coils measure the induced emfs generated by the three sinusoidally oscillating currents. assuming, as an example which does not restrict the generality of our analysis, that t = 0 and that the currents are given by: 
The figure was drawn somewhat slanted to remind the reader about the fact that the x axis does not necessarily have to be horizontal; it only needs to point along a straight line passing through the two reference points. In our analysis, we assume that all the wires are parallel to each other, and that they point along the z axis.
For a case of this kind, we need to use two induction coils at both reference points. One of these is directed along the x axis, while the other points along the y axis.
If the perpendicular distances r 11 , r 12 , r 21 , r 22 , r 31 and r 32 are measured during installation of the induction coils, for instance by using laser beam, one can determine the coordinates of the three wires by applying the Law of Cosines, see Figure 3:   2  2  2  11  12  12  1  2  2  2  21  22  22  2  2  2  2  31  32  32  3   2  cos  2  cos  2 The emf induced in the x-directed coil at point P1 can be given in terms of the three currents, the calculated wire coordinates and the angles defined in Figure 2: ( ) ( 
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In this expression, N 1x is the number of turns of wire in the induction coil oriented along the x axis and placed at P1; r 1x is the radius of this coil. According to Figure 2 , the cosines of the angles in this result can be given as: 
Similarly, we can show that the emf induced in the x-directed coil at P2 is given by: 2 2  0  3  1  2  2  1  1  2  2  3  3  2  2  2  12  22  32ˆŝ in sin sin 2 
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Note that the current terms in this result are the actual currents flowing in the three wires, except for the phase difference of π 2
radians. This means that we can find out the time-dependent currents ( ) 
Here, the primed symbols refer to the currents, which differ from the real ones by the phase difference of π 2 rad.
Following a similar approach, one can derive the following result for the y-directed coil at P1: 
In this expression, 1y N is the number of turns of wire in the induction coil oriented along the y axis and placed at P1; 1y r is the radius of this coil. According to Figure 2 and the fundamental rules of trigonometry, the trigonometric terms in this result can be given as:
( ) ( ) 
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